A specific antibody:against purifisd human-acid protease was produced in rabbits. In the sera of patients with various thyroid diseases, antibody titers against acid protease were examined. No positive antibody titer was observed. The relation between the auto-immune disease in thyroid and antibody formation to acid protease is discussed.
Thyroglobulin stored in the colloid of the thyroid follicle must be hydrolyzed by protease and/or peptidase in order to release thyroxine (DeRobertis, 1941 and 1946; Weiss, 1953; McQuillan et al., 1954; Nadler et al., 1962) .
Although many researches have been made on the characteristics of enzymes which break down thyroglobulin in the thyroid gland, it is uncertain which enzymes play a physiological role (Laver and Trikojus, 1956; Loughlin and Trikojus, 1960) . Histological evidence indicates that thyroglobulin in the luminal colloid enters the thyroid acinar cell by pinocytosis, and is hydrolyzed by a lysosomal enzyme which has an optimal pH in the acidic range (Wollman et al., 1964; Balasubramanian and Deiss, 1965; Wetzel et al., 1965; Ekholm et al., 1966; Jablonski and McQuillan, 1967) . Therefore it is suggested that acid protease has physiological significance in thyroglobulin hydrolysis. Studies have been made on thyroid protease from different animals using hemoglobin (Shapland, 1964; Lundblad et al., 1966; Jablonski and McQuillan, 1967) , gelatin (DeRobertis, 1941) , casein (Lundblad et al., 1966) , albumin (Lundblad et al., 1966) , or thyroglobulin (McQuillan et al., 1954; Alpers et al., 1955; McQuillan et al., 1961; Stoll et al., 1959; Poffenbarger et al., 1963; Pitt-Rivers, 1964; Ahn and Rosenberg, 1967) as substrate. In the present experiment we have purified the acid protease from calf thyroid and examined its characteristics. An antibody against the acid protease from human thyroid has been made in rabbits. The possibility of autoantibody formation against the acid protease in various thyroid diseases has been examined. 
4) Antibody production
Using the same purification method as with calf thyroid, a protease of high specifica activity was purified from human thyroid tissue.
Rabbit antiserum was made by intradermal injection of purified human acid protease (10mg/ml) which had been e_nulsified with an equal volume of Complete Freund adjuvant (Difco Laboratories).
Immunization was performed once a week for 5 weeks. The serum used for the experiment was obtained 6 days after the last injection. Rabbit antiserum to thyroglobulin was made by immunization with human thyroglobulin prepared by salting-out method from a saline thyroid extract between 1.64 and 1.96 M potassium phosphate, pH 6.6. Also, rabbit antiserum against human globulin was made by immunization with human gammaglobulin (Hyland comp.)
5) Antibody estimation
Ouchterlony gel diffusion: Double diffusion in agar gel was performed in 1% solutions of Difco Noble Agar. The concentration of protein in the antigen solution was 1.0%.
Tanned cell hemagglutination: This procedure was performed according to the method of Boyden. Fresh sheep red cells were treated with tannic acid solution (1/20,000). A 2.5% suspension of tannic acid treated sheep erythrocytes was sensitized with 0.5mg of acid protease.
Results

Protease Activity at Various pHs
As indicated in Figure 1 (a), the hydrolysis of hemoglobin was performed at different pH's without addition of cysteine. The maximum 
Distribution of Acid Protease
The distribution of protease activity in fractions from calf thyroid differed significantly when frozen thyroid tissue was used instead of fresh material (Table 1) . With fresh thyroid considerable activity was found in the mitochondrial and microsomal fractions. Most of the enzyme activity was recovered in the supernatant fraction from frozen material.
Table1.
Distribution of acid protease activity from calf thyroii Activity in each fraction is expressed as the percent of the total activity of the homogenate.
Pur(fication of Acid Protease
The first eluate from the DEAE+-Cellulose column had no enzymatic activity. Acid protease was eluted from the column as the gradient of pH 6.8 phosphate buffer approached 0.01 M. This fraction contained traces of thyroglobulin, hemoglobin and other proteins (Fig. 2) . Following elution of acid protease of high specific activity, hemoglobin was eluted. The pooled second fraction (tubes No. 115-175) was concentrated by lyophilization after dialysis against cold water. A 209-fold increase in the specific activity was ob-Fraction Number (Each tube 20ml Figure  4 . There was a single, symmetrical peak, indicating that the enzyme was ultracentrifugally homogeneous. The sedimentation constant was 3.6 S.
Enzyme Activation and Inhibition
There was slight activation in the presence of cysteine and mercaptoethanol. Activity was decreased by p-chloromercuribenzoate [ Table  (3)] 6. Antibody production to human acid protease Two rabbits produced a specific antibody for human acid protease, because only one visible precipitating line was observed in the Ouchterlony agar diffusion. The antibody titer was 1/8 by the precipitation method and 10-5 by the hemagglutination method using the tannic acid treated red cell technique. Neither antisera showed a cross reaction against human thyroglobulin, human albumin, Table3 .
Effect of -sh compounds and p-chloromercuribenzoate on protease activity or globulin. Human acid protease didn't cross-react against rabbit anti-human globulin or rabbit anti-human thyroglobulin (Fig.5) . These results indicate that this acid protease was thyroglobulin-free and that a specific antibody to purified acid protease was made by this method. (iter>10-4) against thyroglobulin had no visible precipitation reaction with acid protease. The hemagglutination reaction with acid protease sensitized red cell was also examined, and no positive titer over 10-2 dilution was observed. Similar examinations were performed, using 70 sera of Graves' patients having various antibody titers against thyroglobulin and thyroid microsomes. No positive titer over 10-2 dilution was observed in the hemagglutination reaction. No positive visible precipitation reaction was observed between the patient sera and acid protease.
Discussion
Proteolytic activity with an optimum at acidic pH is present in dog (Kammer et al., 1950) , beef (Weiss, 1953) , hog (McQuillan et al., 1953; McQuillan et al., 1961) , sheep (Haddad, 1960) , rat (Poffenbarger, 1963; Pitt-Rivers, 1964 ) and human (Becker and DeVisscher, 1962; Shapland, 1964) thyroid. Haddad (1960) found that purified protease from sheep thyroid had peak activities at pH 3.8 and 5.7. A proteolytic enzyme with maximum activity at pH 8.6 in rat thyroid was reported by Pasten and Almquist (1966) . This enzyme could not be found in the thyroid of other animals (human, monkey, dog, rabbit, guinea pig and mouse) and it is supposed that this enzyme may not play a physiological role in thyroglobulin hydrolysis. Jablonski and McQuillan (1967) suggested the acid protease might be of lysosomal origin. Shapland (1964) found that the protease activity in an extract prepared from frozen tissue was seven times greater than that prepared from fresh tissue, and he supposed that the acid protease in the microsomal fraction might have been released due to the disruption of the enzyme containing vesicles by freezing. Reduced glutathione and cysteine are usually found to augment protease activity (Weiss, 1953; Lundblad et al., 1966; Ahn and Rosenberg, 1967; Peake et al., 1967) , but some data indicate no effect of -SH reagents on the protease (Balasubramanian and Deiss, 1965; Lundblad et al., 1966) .
In the present experiments a protease with pH optimum of 3.5 was highly purified from calf thyroid tissue. About 1/3 of enzyme activity was present in the mitochondrial and microsomal fractions in fresh calf thyroid, but on freezing most of the activity was in the supernatant fraction.
At pH 3.5 hemoglobin hydrolysis was much more rapid than hydrolysis of thyroglobulin.
By DEAE+-Cellulose chromatography and protease activity was separated from thyroglobulin and hemoglobin, and a homogenous enzyme fraction having a specific activity of 912 units/mg was obtained. The purified enzyme had a sedimentation constant of 3.6 S. Cysteine and mercaptoethanol (0.01 M) augmented enzyme activity, and p-chloromercuribenzoate (PCMB) inhibited enzyme activity at 0.01M concentration.
Recently the preparation of acid protease with high specific activity has been reported by Smith et al. (1969) who prepared from pig thyroids specimens containing 117-133 units/ mg on lyophilization. Smith's definition of the unit of activity is similar to that of this experiment, but is based on activity per minute instead of per hr. The paper of Smith et al. also presented the sedimentation velocity of purified protease as 3.4 S in sodium diethyl barbiturate pH 7.2, 0.02 M. Also they showed that thyroid acid proteinase and pepsin are entirely different proteins, although both are inhibited by diazoacetyl-norleucine methyl ester.
The protease under study has the characteristic distribution, response to freezing, reactivity with hemoglobin and thyroglobulin, and response to reducing agents or PCMB of protease reported in numerous prior investigations. This report presents a method for preparation of a purified and homogeneous material that should be useful in further investigations of thyroid hormone release.
Antibody specific for human acid protease was produced into rabbits by immunization with the protease. The antibody had no cross reaction with human thyroglobulin or normal human serum, and therefore it was suggested that purified acid protease was essentially free from thyroglobulin and other serum protein.
It is well known that antibodies for thyroglobulin and microsomal fraction can be found in Hashimoto's disease, hyperthyroidism and other thyroidal diseases. If the acid protease is sequestered in the thyroid gland and does not leak from the gland in the embryonal period (as suggested for thyroglobulin), it is also possible that an antibody to protease may be produced in various thyroid diseases (Hashimoto's thyroiditis and Graves' disease) by leak of protease from thyroid gland into the blood stream after birth.
Immunological anslysis was performed to disclose whether antibody specific for thyroidal acid protease was produced in these thyroid diseases. In Hashimoto's diseases no visible precipitation line was observed (Ouchterlony method) between patient sera having a high titer for thyroidal antibody, and acid protease, and no hemagglutination antibodies were seen in these sera, using red cells sensitized by acid protease. In Graves' disease patients, no positive titers of antibodies for acid protease were observed in either the precipitation or hemagglutination test. One possible reason why no significant elevations of antibody titers for acid protease were observed in patient sera is that the amounts of this enzyme is too small to act as antigen, even if the enzyme leaks out to the blood stream.
